Background: Although abnormal hemostasis has been described in cancer patients, the precise association between the plasma fibrinogen level and lymphatic metastasis has not been reported in a large-scale clinical study. Methods: Preoperative plasma levels of fibrinogen as well as C-reactive protein (CRP) and carcinoembryonic antigen (CEA) were retrospectively examined in 649 patients who underwent surgery for gastric cancer, and the correlation between these factors and nodal status was evaluated.
INTRODUCTION
Many abnormalities of platelets or blood coagulation factors, such as fragment 1+2, thrombin-antithrombin III complexes, fibrinopeptide A and D-dimer, have been described in malignancy for more than a century (1) (2) (3) (4) . Thrombocytosis is thought to be associated with poor prognosis in gastric cancer (5) , as well as esophageal cancer (6) , lung cancer (7), colon cancer (7), renal cell carcinoma (8) and gynecological malignancies (9) . D-dimer is also reported to be associated with poor prognosis in patients with lung cancer (10, 11) and colorectal cancer (12, 13) , as well as being a good predictor of survival and disease progression.
Fibrinogen, an essential hemostatic factor, is converted to fibrin (a final product of the hemostatic pathway) by activated thrombin. Dvorak (14) suggested that elevated plasma fibrinogen levels were frequently observed in patients with malignant disease. However, a report by Di Micco et al. (15) showed elevated plasma fibrinogen levels in 11 patients with nonmetastatic gastric cancer. The relationship between fibrinogen level and metastasis in malignancy has not been fully examined.
Recently, it was reported that plasma fibrinogen level was correlated with tumor size, depth of tumor invasion and metastasis of gastric cancer (16) . Although hyperfibrinogenemia was considered to result from spreading of cancer, there is evidence that the loss of fibrinogen is the cause of reduction of metastasis. For example, in fibrinogen-deficient mice, lymphatic and hematogenous metastases were greatly reduced, indicating a positive role of fibrinogen in the metastatic progression of cancer (17, 18) . In this study, therefore, we evaluated clinicopathological significance of hyperfibrinogenemia more in detail using a larger number of clinical cases and demonstrated an independent significance of hyperfibrinogenemia on lymphatic spread of gastric cancer.
PATIENTS AND METHODS
Among the 1083 patients with gastric cancer who underwent gastrectomy between January 1987 and December 2003 in the For reprints and all correspondence: Hiroharu Yamashita, Department of Surgical Oncology, University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8655, Japan. E-mail: hyamashi-tky@umin.ac.jp First Department of Surgery, University of Tokyo Hospital, Tokyo, plasma fibrinogen, serum C-reactive protein (CRP) and carcinoembryonic antigen (CEA) levels were determined before surgery in 653 patients. Because plasma fibrinogen and serum CRP levels are critically affected by the presence of inflammation, four patients with apparent acute inflammatory disease were excluded from the study and the remaining 649 patients were enrolled in this study. As a control group, we also evaluated preoperative plasma fibrinogen level of 126 patients with benign disease (inguinal hernia).
In this study, we referred to the classification established by the Japanese Research Society for Gastric Cancer (19) , which defines early gastric cancer as a lesion confined to the mucosal or submucosal layer, and advanced gastric cancer as a lesion invading the proper muscle layer or deeper. Histologically, well and moderately differentiated tubular adenocarcinoma, papillary adenocarcinoma and solid-type poorly differentiated adenocarcinoma were classified as differentiated type (intestinal-type) carcinoma; non-solid-type poorly differentiated adenocarcinoma and signet ring cell carcinoma as undifferentiated type (gastric-type); and mucinous carcinoma and adenosquamous cell carcinoma as other type. The nodal classification was determined according to the International Union Against Cancer (UICC) TNM staging system for gastric cancer (20) , in which lymph node metastasis is classified into four groups: pN0, no metastasis; pN1, 1-6 positive lymph nodes; pN2, 7-15 positive lymph nodes; pN3, 16 or more positive lymph nodes.
The preoperative values were measured in early morning samples taken before breakfast 5-10 days before surgery. The normal range of plasma fibrinogen level was defined as between 210 and 310 mg/dl, and plasma fibrinogen levels >310 mg/dl were defined as hyperfibrinogenemia. Serum CRP level <0.3 mg/dl and CEA level <5 ng/ml were taken as the normal range.
Statistical analysis was carried out using STATView (SAS Institute, Cary, NC). Plasma fibrinogen levels were compared by one-way ANOVA followed by the Student-Newman-Keuls test. The association of fibrinogen level with clinicopathological factors was assessed by Fisher's exact test. Multivariate forward stepwise logistic regression analysis was performed to identify variables that had independent associations with lymph node metastasis. Values of P < 0.05 were considered significant for all statistical analyses.
RESULTS
The mean -SD of plasma fibrinogen level in the 649 patients studied was 300.1 -84.5 mg/dl, which was not statistically different from that in control patients with inguinal hernia (279.2 -44.2 mg/dl). As shown in Table 1 , high fibrinogen level (>311 mg/dl) was positively correlated with nodal or hematogeneous metastasis as well as other clinical or pathological factors. In this study, we evaluated the association of lymphatic metastasis with hyperfibrinogenemia in more detail. When patients were classified into four groups according to the extent of lymphatic metastasis, the fibrinogen level showed a positive association with nodal classification (P < 0.0001) (Fig. 1) .
Univariate analysis showed that lymph node metastasis was significantly associated with many factors such as tumor size, lymphatic and venous involvement as well as the levels of serum CEA, CRP and plasma fibrinogen (Table 2 ). However, a multivariate analysis revealed that lymphatic involvement, tumor size, advanced stage and hyperfibrinogenemia were identified as independent risk factors for lymph node metastasis, with an odds ratio [95% confidence interval (CI)] of [9.180 (5.486-15.360), 2.320 (1.395-3.861), 7.353 (4.082-13.333) and 2.004 (1.140-3.521), respectively] ( Table 2 ). In contrast, serum levels of CRP and CEA did not show an independent association with nodal metastasis.
Since the frequencies of nodal metastasis and hyperfibrinogenemia were much higher in patients with advanced cancer (9.7% in early cancer and 74.6% in advanced cancer), we 596 Hyperfibrinogenemia in gastric cancer evaluated the association of these factors in patients with advanced cancer (Table 3) . Tumor size, venous or lymphatic invasion, high CEA and hyperfibrinogenemia showed a positive association with lymphatic metastasis in univariate analysis. CRP did not show a significant association in this population. In contrast, hyperfibrinogenemia showed an independent association with nodal metastasis, with an increased odds ratio of 2.611 (1.404-4.854) (P < 0.01), whereas high CEA did not show an independent association in cases of advanced cancer (Table 3) . Gastric-type gastric adenocarcinoma often shows biologically different characteristics from intestinal-type gastric adenocarcinoma. Therefore, we evaluated the difference in significance of plasma hyperfibrinogenemia between these two adenocarcinoma types. Interestingly, the fibrinogen level in gastric-type adenocarcinoma did not show any relationship with nodal metastasis in either total cases or advanced stage cancer, while the association was more prominent in intestinal-type adenocarcinoma (Table 4 ). In the patients with intestinal-type gastric adenocarcinoma, lymph node metastasis was detected in 58.9% (96 of 163) of hyperfibrinogenemic patients, whereas the metastasis was detected in 26.5% (58 of 219) of non-hyperfibrinogenemic patients (P < 0.0001). In contrast, in the patients with gastric-type gastric adenocarcinoma, lymph node metastasis was detected in 51.4% (37 of 72) of hyperfibrinogenemic patients, whereas the metastasis was detected in 37.7% (66 of 175) of non-hyperfibrinogenemic patients (P = 0.0645, not significant). This suggests that gastric-type cancer may have somewhat different mechanisms of development of nodal metastasis.
DISCUSSION
In the present study, we found that the plasma fibrinogen level gradually increased with the extent of lymphatic metastasis, and hyperfibrinogenemia was identified as an independent factor associated with nodal metastasis in gastric cancer.
This finding is in agreement with the generally accepted concept that the coagulation cascade is upregulated with the progression of malignant disease. A recent study by Lee et al. (16) presented a similar link between the fibrinogen level and tumor stage in gastric cancer. However, they did not find an independent association between hyperfibrinogenemia and nodal metastasis, suggesting the possibility that the elevated fibrinogen level was simply the result of increased tumor mass.
Fibrinogen is one of the major acute phase proteins produced by the liver, and is greatly enhanced in response to infection and other inflammatory disorders, although the mechanisms regulating its production in vivo remain unclear. Since advanced cancer is often associated with an inflammatory response, it may be possible that the high fibrinogen level in patients with lymphatic metastasis is a secondary event resulting from the increased systemic inflammatory response caused by tumor progression. In fact, other inflammatory proteins, such as IL-6 and CRP, are reported to be higher in cancer patients compared with non-cancer patients (21, 22) . In our patients, CRP also showed a positive association with nodal status in total patients with univariate analysis. However, CRP did not have an independent association with nodal metastasis in multivariate analysis. Moreover, fibrinogen, but not CRP level, showed a positive association with nodal metastasis in patients with advanced stage cancer. These findings strongly suggest that a high fibrinogen level, different from a high CRP level, is not a simple by-product of tumor progression, but may have some additional relevance for lymphatic metastasis.
Recent studies by Palumbo et al. (18) provide clear evidence that fibrinogen plays a crucial role in lymphatic as well as hematogenous metastasis of cancer cells. They showed that the number of metastases in regional lymph nodes and the lungs was markedly reduced when Lewis lung cell carcinoma was subcutaneously inoculated in fibrinogen (Aa-chain)-deficient mice (18) . Their results suggest a possibility that fibrinogen might play a crucial role in the development of metastasis in human as well. (10) 597 
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Fibrinogen is a dimeric molecule with multiple integrin or non-integrin binding motifs, and malignant cells often express high levels of fibrinogen receptors, such as a5b1 and avb3 integrins, or the ICAM-1 molecule. Therefore, high plasma fibrinogen can enhance the adhesive interaction between tumor cells and platelets or endothelial cells that may result in enhanced hematogenous metastasis. In fact, we detected a positive relationship between hyperfibrinogenemia and liver metastasis, although an independent association was not obtained in multivariate analysis, presumably because of the low number of cases. However, the mechanism of augmentation of lymphatic metastasis is not identical to that of hematogenous metastasis, because the lymphatic fluid does not contain platelets (23) and the lymphatic endothelium shows different molecular characteristics from vascular endothelium (24) . Moreover, the concentration of fibrinogen in lymphatic fluid is reported to be much lower than that in plasma (25) , although a recent report has shown that the fibrinogen content in rat gastrointestinal lymph is elevated after intraduodenal administration of triglycerides (26) .
From those findings, a high plasma fibrinogen level does not appear to be directly involved in the process of lymphatic metastasis. However, hyperfibrinogenemia can modify the stromal constituents in the primary tumor, which may possibly lead to augmentation of lymphatic metastasis. Fibrin or fibrinogen was identified as one of the major components of the tumor stroma that envelops tumor cells (27, 28) . Tumor cells secrete a large amount of vascular endothelial growth factor, which causes hyperpermeability of the tumor vasculature (29, 30) . As a consequence, various plasma components, including fibrinogen, can accumulate in the tumor stroma, and fibrinogen can be converted to cross-linked fibrin by the coagulant/procoagulant activities generated by malignant cells (31) and/or by tumor-infiltrating macrophages (32) . In fact, recent studies have confirmed that fibrin deposition in the stroma is mostly derived from plasma fibrinogen (33, 34) . Kerlin et al. (35) found enhanced fibrin deposition in certain organs of hyperfibrinogenemic transgenic mice, suggesting that high plasma fibrinogen can augment fibrin deposition in the tumor stroma, even in humans. Since fibrin is well known to facilitate tumor progression by various mechanisms (36) , hyperfibrinogenemia can enhance fibrin deposition in the primary tumor, which might be a preferable circumstance for the metastasis through the lymphatic system.
Another interesting finding in this study was that the association between high plasma fibrinogen and lymphatic metastasis was only detected in intestinal-type gastric carcinoma, and this association was not detected in gastric-type adenocarcinoma. It has been reported that a positive association between tumor progression and expression of angiogenesis-related factors can be observed in intestinaltype gastric adenocarcinoma, but not in gastric-type gastric adenocarcinoma, especially in signet ring cell carcinoma (37) . These results suggested that the mechanisms of development of nodal metastasis may be somewhat different between intestinal-type and gastric-type adenocarcinomas. The progression of gastric-type gastric adenocarcinoma may be less dependent on angiogenesis. The lack of significant association between high plasma fibrinogen level and metastasis in gastric-type adenocarcinoma raises a hypothesis that the plasma fibrinogen may be related with metastasis in angiogenic situation.
In summary, our data, together with the results of basic experiments in previous studies, support the idea that hyperfibrinogenemia may be associated with an increased risk of lymph node metastasis in patients with gastric cancer, except 
